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In order to determine the ueefulness of one part of Von Xaria^' s 
two-dimensional transonic similarity law as a means of correlating and 
extrapolating transonic wing data, the law is. applied to drag data of 
three different thickness wings having NACA 65 -series sections and 
aspect ratios of J.6 In the 1-Iach nianher range from O .85 to 1.15- This 
portion of the law states that, for two-dimensional airfoils of the 

Mo2cp 

same family in the transonic range at zero lift, the parameter 




is only a function of the parameter 
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Von Karman derived this 


law from the potential— flow equation assuming thin, two-dimensional 
Bodies with local velocities not much different from sonic. The corre- 
lation of the data is satisfactory, "being somewhat Better in the suBsonlc 
range than In the supersonic range. The presence of a stagnation point, 
the proBaBle presence of separation at high suBsonic speeds, and a finite 
aspect ratio of T«6, all of which were not considered in, the derivation 
of the law, did not appreclaBly affect the degree of correlation. The 
presence of a Boundary layer, which also was not considered in the 
derivation, was adequately accounted for By assuming a reasonaBle value 
of skin— friction drag coefficient. 


INTRODUCTION 


A reliaBle means of correlating and extrapolating transonic wing 
data would Be extremely useful. Dr. Theodore von Kann^ has developed 
theoretically from the potential— flow equation a two-dimensional transonic 
similarity law for thin Bodies with local velocities only slightly 
different from sonic. One part of this law states that for all thin two- 
dimensional airfoils of the same family in the transonic range at zero 
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lift, the pajcameter 




is only a fimction. of the 


parajneter 
and 2. 


Mq - 1 

(t/c)2/3* 


Derivations of the law are presented In references 1 


So far as Is known, the only data availahle to determine the useful- 
ness of this part of the law were obtained hy the freely-falllng-hody 
method and presented in references 3 to 5* Drag data in the Mach number 
range from 0.85 to 1.15 are presented in these references for wings having 
aspect ratios of 7 .6 and 5*1 and three MACA 65"BeriBS airfoil sections, 
the 65“006, the 65-009, and the 65i“012. The Reynolds number of these tests, 
based on the chord, varied from about 1 X 10° to about 5 X 10° for each 
wing. 


The derivation of the similarity law does not take Into account 1 
details of the flow about these particular wings. The derivation does 
not account for the fact that the wings are of finite span having stag- 
nation points, boundary layers, and probably some separation at hl^ 
subsonic speeds, have local velocities well above sonic at the higher 
transonic Mach nxmibers, and (althou^ the airfoil se'ctions are of the 
same series) their thickness distributions are not exactly proportional. 
In this paper, the law is applied to the available data to determine 
the degree of correlation produced by the law and to indicate which of 
the unaccounted for factors in the flow about the wings affected the 
degree of correlation appreciably. 


STMBOIS 


Cp total drag coefficient based on exposed plan area 

Cpj. friction drag coefficient 

Cpp pressure drag coefficient 

Mq free— stream Mach number 

t/c airfoil thickness ratio 
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EESULTS AND D3SCIESI0N 


The pressure irag parameter = 7— was calculated for the Taxious 

(t/c)5/3 

wings fhcm. the continuous curves of Op against M^ of references 3 to 5 

Mq - 1 

at eaual increments of the parameter . Because of the lack of 

(t/o)2/3 

any reliable friction drag data in the transonic range, a ftiction drag 
coefficient of O.OO6 was assumed for all wings. The parameters for the 
three wings having an aspect ratio of 7-6 are plotted in figure 1 . The 
data are plotted as individual points rather than as continuous curves 
for clarity . 


In order to gain a quantitative idea of what the deviations shown 
in figure 1 mean in terms of drag coefficient and Mach number, the faired 
curve of figure 1 was used to recompute a curve of Cp^ against Mq for 
each wing. In figure 2 these curves are compared with curves of Cp^ 

against Mq computed from, the reference data. The experimental 
uncertainty in Mach number is about =^.01. At the highest Mach numbers 
tested, the experimental uncertainty in Cp is about ±0.0025 for the 

12-percent— thick wing and about ± 0.0005 for the . 6-percent— and 9-p©rcent— 
thick wings. The uncertainties in drag coefficient increase somewhat 
as Mq is reduced. The uncertainty in the assumed value of Cp^ is 

probably within about ± 0 . 001 . Thus, the two curves for the 6-percent— 
and 9-pencent— thick wings differ in the subsonic range by less than the 
TTw.y lTmrm possible uncertainties in the experimental data and skin— friction 
drag coefficient. The difference between the two curves for the 12-percent— 
thick wing exiceeds this uncertainty slightly at about Mq = O.98 because 
of the hump in the experimental curve. The difference between the two 
curves for each wing in the superscmic range is less than twice the sum of 
the experimental uncertainty and the uncertainty in the assumed value 
of Cp^. 

Apparently, in the Supersonic range, the similarity law does not 
entirely correlate the effect of variations in thickness ratio, and there 
is a consistent variation in the drag parameter with thickness ratio. In 
figure 3 this trend is compared with the calculated variations in drag 
parameter for circular— arc airfoils of the same thickness ratios at hi^er 
Mach numbers where the supersonic type of flow pattern is wholly established. 
The circular— arc— airfoil drag coefficients were calculated from the formula 
(formula 9-23, reference 6) 
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For the 12— percent-thick airfoil at a lov supersonic Mach number, this 
fonnula checked vlthln a few percent a more accurate calculation haaed 
on exact shock— e 2 p>ansion relations. The plots for these clrcular-^rc 
airfoils start at approximately the Mach numbers at which the shock 
wares became attached to the leading edges. These Mach numbers are 
about 1.3 for the 6-percent— thick airfoil, 1.4 for the 9-percent— thick 
airfoil, and 1.6 for the 12-percent— thick airfoil. 

Figure 3 shows that there is a spread of about 25 percent in the 
supersonic drag parameters for the circulai>-erc airfoils, which is due to 
the fact that the similarity law does not fit the actual flow conditions 
since the local relocltles are not near-sonic. This spread is in the same 
direction as the spread of the experimental drag parameters on the super- 
sonic side of the transonic region. Therefore, the trend of the drag 
parameters with the thickness shown in the experimental data indicates that, 
because the local velocities are no longer near— sonic, the similarity law 
correlates less well as the Mach number increases above 1.0, and there is 
a gradiial transition to the theoretical variation of the drag parameter 
with thickness ratio in the wholly supersonic regime of flow. It appears 
that an empirical correction for this trend could be developed. 

The satlsfactoiy correlation obtained by the use of the similarity 
law indicates that the factors in the flow field not accounted for by 
the theoiy (other than the presence of local velocities well above sonic 
at the higher Mach numbers) did pot affect appreciably the degree of 
correlation; that is, the presence of a stagnation point, the probable 
presence of separation at hi^ subsonic speeds, the finite aspect ratio 
of T.6, and the slight nonproportionality of the thickness distributions 
did not appreciably affect the degree of correlation. The presence of a 
boundary layer was adequately accounted for by assuming a reasonable 
value of skin— friction coefficient. 

Limited data for wings having aspect ratios of 5*1 are presented 
in figure 4. The data for the 9-percent— and 12-percent— thick airfoils 
show a greater spread in the supersonic range than the corresponding 
data of aspect ratio 'J These data indicate the desirability of 
further investigation of the degree of correlation of low-aspeot-ratio 
data obtainable with Yon Karm4n‘ s similarity law. 


CONCmDUilG EEMAEKB 


Application of one part of Von Karm&i’ s two-dimensional- transonic 
similarity law to drag data of wings having WACA 6^-006, 65 -OO 9 , 
and 651-012 profiles and aspect ratios of J .6 in the Mach number range 
from 0.85 to 1.15 shows satisfactory correlation which is somewhat 
better in the subsonic, range than in the supersonic range. The presence 
of a stagnation point, the probable presence of separation at hi^ 
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BulDsonlc speed, and a finite aspect ratio of 7 * 6 , all Qf which, were not 
considered in the derivation of the law, did not appreciably affect the 
degree of correlation. The presence of a horindaiy layer, which also was 
not considered in the derivation, was adequately accounted for "by assuming 
a reasonable value of skin— friction drag coefficient. 


Langley Aeronautical Laboratory 
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Figure 1.- Transonic drag data (with Cpj assuined = 0.006) tor three wings having an NACA 66-series 

section and an aspect ratio of 7.6 plotted according^ to Von Karman’s two-dimensional transonic 
similarity law. 
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Figure 2.- Comparison between measured drag coefficients (with 


assumed = O.CX)6) and pressure drag 
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Plgure 3.- Comparison between the measured effect of thickness ratio on wings having NACA 65-series 
sections and aspect ratios of 7.6 in the transonic range »Ttd its calculated effect on circular-arc airfoil 
sections in the supersonic range. 





Figure 4.- Transonic drag data (with assumed = 0.006) for two wings having an NACA 66-8eries 

section and an aspect ratio of 5.1 plotted accor ding to Vo n Karman’s two-dimensional transonic 

similarity law. vo 
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